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The growing cultures or resting cells of acetic acid bacteria belonging to suboxydans and mesoxydans groups oxidize gluconate to 2-and 5-ketogluconates, suggesting the bacteria have two kinds of enzymes on both oxidative reactions, respectively. The previous papers1) presented NADP-linked 2-ketogluconate re ductase catalyzing the oxidation of gluconate to 2-ketogluconate from Gluconobacter lique faciens (IFO 12388).
In the present paper, the authors wish to report the purification and some properties of 5-ketogluconate reductase (EC 1.1.1.69) from G. liquefaciens.
MATERIALS AND METHODS
Chemicals. All of the chemicals used in this work were commercial products.
Yeast extract, NADP and reduced NADP were kindly supplied from the Oriental Yeast Co., Ltd., Japan. Sodium gluconate for culture medium was a kind gift from Nagase Co., Ltd and Fujisawa Pharmaceutical Ind. Co., Ltd. Hydroxyl apatite was prepared according to the method of Tiselius, Hjerten and Levin.2)
Microorganism.
Gluconobacter liquefaciens (IFO 12388) was supplied from Institute for Fermentation, Osaka and used throughout these experiments. 
RESULTS
Purification of 5KGR All operations were carried out at 5°C throughout the purification procedures. In these procedures, centrifugation was carried out at 12,000xg for 20 min.
Step I. Preparation of cell free extract. The enzyme was prepared from cells grown in 60 liters of cultured medium. The cells were harvested by continuous-flow-centrifuge and washed with 0.01M potassium phosphate buffer, pH 7.5. The washed cells were sus pended in the same buffer containing 0.0016M 2-mercaptoethanol and 1x10-4M EDTA, which was consistently used in the following steps. The cell suspension was treated with 20 kHz Tomi-Seiko ultrasonic oscillator for 20 min. The cells and debris were removed by centrifugation. The clear supernatant con taining 5KGR was treated as follows.
Step II. Ammonium sulfate fractionation. The solution was brought to 30% saturation by adding solid ammonium sulfate slowly and with stirring. The pH of the solution was maintained at 7.5 with 7.5 N ammonium hydro xide. After standing overnight, the precipitate was removed by centrifugation and discarded. The ammonium sulfate concentration of the supernatant solution was then increased to 70% saturation by addition of solid ammonium sulfate. The precipitate was collected by cen trifugation after standing overnight and dis solved in the buffer. The dissolved solution was dialyzed two times against 10 liters of the buffer for 24 hr.
Step III. DEAE-cellulose column chro matography. The dialyzed solution (320 ml) was applied to a column (5x30cm) of DEAE-cellulose previously equilibrated with the buffer. After washing with 2 liters of the buffer, the absorbed enzyme was stepwisely eluted with the buffer containing 0.1, 0.2 and 0.5M NaCl. As shown in Fig. 1 , the active fractions were eluted with the buffer containing 0.2M NaCl and the eluates were to give 615ml of the solution. The enzyme solution was concentrated by the addition of ammonium sulfate up to 50% saturation. The precipitate obtained by centrifugation was dissolved in a small volume of the buffer and dialyzed overnight against the buffer solution.
Step IV. Hydroxylapatite column chro matography. The dialyzed solution (50ml) was placed on the top of hydroxylapatite column (4.7x5.0cm) which was equilibrated with the buffer. Then the column was washed with 200ml of the buffer. The absorbed en zyme was stepwisely eluted with 0.05, 0.1 and 0.2M potassium phosphate buffer (pH 7.5). The active fractions were eluted with 0.05M potassium phosphate buffer and the eluates combined to give 250ml of the solution con taining 5KGR. The active fraction was con centrated by the addition of ammonium sulfate up to 50% saturation. The precipitate ob tained by centrifugation was dissolved in a small volume of the buffer.
Step V. DEAE-Sephadex A-50 column chromatography. The dissolved enzyme solution was chromatographed using a column (2.5x15cm) by means of the same procedure as described in the DEAE-cellulose column chromatography. Elution was performed by linear ascending NaCl concentrations up to 
The summary of the purification of the en zyme is presented in Table I .
Properties of partially purified 5KGR
Molecular weight
The molecular weight of 5KGR was esti mated as approximately 110,000 by Andrew's gel filtration method" using a-amylase, hemo globin, alcohol dehydrogenase (yeast), glucose oxidase and catalase as reference proteins.
Optimum pH
The enzyme activity on both reactions of oxidation and reduction was measured at various pH ranges (Fig. 2) . Each optimum pH was found to be at 10.0 in GA oxidation (in glycine-NaOH buffer) and 7.5 in 5KGA reduction (in potassium phosphate buffer), respectively.
Optimum temperature The enzyme activity on both reactions of oxidation and reduction was measured at various temperatures (Fig. 3) . On both reac tions, each optimum temperature was found to be near at 50°C.
Stability
The enzyme was considerably unstable in 0.01M potassium phosphate buffer, pH 7.5, at 5°C and all of its activity was lost within 3 days. In the presence of sulfhydryl compounds, DETA, sucrose and/or glycerol the was unstable at higher temperatures and the enzyme activity of both reactions was almost lost above 70°C under the condition used.
Effect of substrate concentration
The effect of substrate concentration on enzyme activity was tested with GA and 5KGA at respective optimum pH (Fig. 5) . The enzyme activities with various concentrations of NADP and NADPH2 were also investigated. According to the method of Lineweaver and Burk,5 the Michaelis constants (Kin) were calculated to be 1.8x10-2M for GA, 0.9x 10-3M for 5KGA, 1.6x10-5M for NADP, and 1.1 X 10-5 M for NADPH2, respectively.
Effect of metal ions
The effect of various metal ions on the oxida tion of GA by the enzyme was shown in Table II . The enzyme activity was remarkably inhibited by mercury ion at a concen -TABLE II. EFFECT OF METAL IONS ON ENZYME ACTIVITY
The enzyme with a specific activity of 1,430 was used and the enzyme activity was measured under the standard assay conditions with addition of metal ions in a final concentration of 10-3 M. The reaction was initiated by additions of substrate and NADP after the enzyme was preincubated with metal ions for 10 min. 
